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BOSTON INDUSTRIES CORP 
Bingo Mineral Claims 
Shawnigan Lake Area 

Vancouver Island 

1. INTRODUCTION 

A limited geophysical resistivity survey was conducted over the east end of Bingo 1 claim. to 

be applied for Bssessmcnt credit for Bingo 1 and Bingo 2 mineral claims. The work was &ne 
by V. Cukor, P. Eng. and D. Cukor, geologist 

The extent of survey was limited by availability of exploration funds, and only 7 kilometres of 

gridlines were surveyed The original grid, cut in 1987, was used in the survey, but most of 

stations had to be reflagged and locally the lines had to be mHnimed since the portion of the 

flaggings had weathered, with the markings either faded or washed off, or the flagging had 

completely disappeared. 
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2. p C 

e 

The lnoperty consists of two contiguous claims, staked on the modified grid system. The claim 

names and respective recording data am as follows: 

claim Name 

BINGO 1 

BINGO 2 

No. Units 

20 

20 

Record No. 

301189 

318810 

Anniversary Date 

June 28,1996 

June 23, 1996 

The property - located about 15 Ion. west of Shawh,an ike in the s o u ~ - x n  part of Vancouver 

Island, about 40 Ion. northwest of Victoria, B.C. It is in the Victoria Mining Division, on NTS 
92B/12W. The claim group is centred at approximate latitude 48" 36' and west longitude 123O 

50' (see figures 1 and 2). 

The access to the claims area is pmvided by an all weather gravel road from Shawnigan Lake.. 

The main logging mad follows the western border of the claims, from where a number of 

abandoned secondary logging roads, mostly passable by 4x4 vehicle, provide acccss to different 

parts of the Clp ims .  
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3. TOPOGggpEY and CLIMATE 

a 

The Bingo 1 and Bingo 2 claims arc located on the peaks to the west of Mt. Lazar. on its 

southwest slopes and in the Weeks Lake Valley. Elevations arc between 520 metres and 820 

metres above sea level, for a total relief of 300 meters. The topography is varied, visually fiat 

in the valley and on the plateau on top of the hill. The side hill is moderately steep, transected 
by &ply carved and steep sided gullies. 

i 

The vegetation on the claims is second growth timber. The regenerating fonst is thickest and 

tallest in the valley with the trees up to 10 metres in height. On the hilltop. the trees are 1.5 

metres in height on average. Old logging slash covers most of the prupcrty. making linecutting 

difficult and time consuming. 

Climate of the property area is fairly typical for the West Coast. The summers are usually hot 

and relatively dry. Atmospheric precipitation is high in the other seasons. Wintea arc cool to 

moderately cold with variable amounts of snowfall year to year. The tops of the hills, made bare 

by logging, are subject to fairly high winds during winter stom. The generally moderate 

climate and high precipitation are conduciye to fast vegetation growth. 

a 

Timber and water for exploration purposes is available on the property. 
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4. GEOLOGY 
4.1 nal Geoloa 

General geological features of the area are shown on the geology map entitled "Geology, Victoria 

Map Area", Open F i e  701. by J.E. Muller, scale 1:1OO,OOO. 

Two major fault zones dominate the area, the cast-west San Juan Fault and the northwest- 

southeast Survey Mountain Fault. These are major structural features, separating geological 

regions in the area (the Survey Mountain Fault separates the Inner Pacific and Insular Geological 

Belts. 

As shown on fig.4, the area is underlain by geological units from Paleozoic to Upper Cntaceous 

ages. 

Two main rock assemblages are represented on the claim group: chlontized diorite and gneissic 

diorite of the Wark Gneissic Complex and the metasediments and volcanics of the Lech River 

Formation. Diotites outcrop at the noahem and nonheastern portion of the claims, while the 

Leech Fiver Complex WVCIS the rest of the area. They arc separated by the Survey Mountain 

Fault Zone. the main cause of fracturing. and a host for silicification and pyritization on the area 

which is striking in WNW - ESE direction in the Bingo 1 area. This wide fault zone was found 

to host spotty gold values and is a fair exploration target. 
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5. GEOPW SICAL SURVEY 
a 5.1 

The instnune nt used for the s w e y  was the Scrintex IGS-2. Only a portion of the large grid was 

surveyed as an extension of the 1993 pgram. With completion of this year survey the entire 

grid, north of the baseline is now surveyed with d v i t y  method. 

A total of 7 h of survey wen run on lOOm spaced lines at 25m station intervals. A two man 

crew carried out the field work over the grid lines cut in 1987. Since some flagging along the 

lines was broken off by wind or animals, and most of the markings on the flagging were faded, 

the field helper chained lines and remarked stations for the engineer. The helper would tirst 
assist the engineer by setting up the resistivity pots for taking the readings and then proceed to 

chain along the line to the next station. Locally, steep terrain and / or dense second growth made 

s w e y  very difficult and time consuming. 

a The instrument used, a Scintrex IGS-2 can be set up to perform magnetic, VLF-EM and 

resistivity surveys. Since the magnetic and VLF-EM surveys were completed as a part of the 

1987 program, only the resistivity survey was carried out now. 

\ 
For the resistivity survey, the IGS-2 makes measurements of the VLF electric field, utilizing a 

dipole with an electrode spacing of five meters. The instrument then automatically calculates 

apparent resistivity from the in-phase and quadrature components of the horizontal elechic field, 

using the horizontal magnetic field as a phase reference. See Appendix B for the apparmt 

resistivity calculation. 

For this survey, signals from the VLF station Seattle, 24.8 lcHz wen used. 
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5.2 Data Prmntati on and D iscussion of 

All survey results are shown on the Resistivity Survey Plan (figure 5). pnsented in a scale of 

15000. Values. expnssed in ohmmeters, were plotted on this grid map and then the map was 

contoured. The plan also shows the contour lives of the 1993 survey. to make it easier to 

comlate the d t s  between these two surveys. 

The total range of values of this portion of the survey was 4204 ohmmeters; a high of 4220 and 

a low of 16 ohmmeters was recorded This is high relief, although the 1990 survey was 

chamcterised by considerably higher relief of 7395 ohmmeters. 

A distribution of the high-low values on the contoured survey plan significantly coincides with 

the pattern of identified geological units and structural elements shown on the geological map. 

It also in general coincides with the position and trends of zones of high and/or low madings on 

the previous surveys. In detail, however, the readings in the area bordering two surveys, do not 

match. 

\ 
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6. &ECOMMENDmONS 

The resistivity survey appears to be a very effective tool in this instance. The umes of high 
readings and low readings clearly coincide with a position of geological units earlier identified. 

Zones of very low readings am coincidental with the location and trend of the zone of intense 

fracturing and alteration within a major fault system. In the area of extensive overburden cover, 

this method should assist in detail geological mapping and planning of physical exploration. 

Thus it is rccommcnded to extend the survey over the whole grid area. Very detailed geological 

mapping and extensive rock sampling should be also carried out without the zone of interest. 

September 15, 1995 V. Cukor, P. Eng 

NVC ENGINEERING LTD. 

\ 
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e CERTIFICATE 

a 

I, VLADIMIR CUKOR, of 21651 Mountain View Crescent in the Municipality of 

Maple Ridge, Province of British Columbia, DO HEREBY CERTIFY that: 

1. 

2. 

3. 

4. 

5 .  

I am a Consulting Geological Engineer with NVC Engineering Ltd., with 

business address as above; 

I graduated fiom the University of Zagreb, Yugoslavia in 1963 as a 

Graduated Geological Engineer; 

I am a Registered Professional Engineer in the Geological Section of the 

Association of Professional Engineers in the Province of British Columbia, 

Registration No. 7444; 

I have practiced my profession as a Geological Engineer for the past tlurty- 

two years in Europe, North America and South America in engineering 

geology, hydrogeology and exploration for base metals and precious metals. 

I have personally conducted the work described in this Report and reviewed 

all available information on the property. 

V. Cukor, UdV P. Eng. 

September 6, 1995 NVC ENGINEERING LTD. 
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field Wo& 
Grid Rehabilitation 7 h @ $250 

Geophysical Survey 7km @ $500 

& R m  
Rcparing Report Drafting and Typing 

$ 1,750.00 

3,500.00 

Total Costs s q1oaOo 

Personnel: 

V. Cukor. P. Eng. 

D. Cukor, geologist 

V. Cukor. P.Eng 
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1. TEE IGS-2 SYSTm 

1.1 General I n f o r m a t i o n  

The IGS-2 I n t e g r a t e d  G e o p h y s i c a l  Sys t em is a 
p o r t a b l e  m i c r o p r o c e s s o r - b a s e d  i n s t r u m e n t  which 
a l l o v s  more t h a n  o n e  t y p e  of s u r v e y  measurement t o  
b e  pe r fo rmed  b y  a s i n g l e  o p e r a t o r  d u r i n g  a s u r v e y .  

The ICs-2 is a modular  s y s t e m  which  c a n  e a s i l y  b e  
c o n f i g u r e d  t o  s u i t  d i f f e r e n t  a n d  c h a n g i n g  s u r v e y  
r e q u i r e m e n t s .  B e c o n f i g u r i n g  t h e  s y s t e m  is easy and 
o f f e r s  b o t h  o p e r a t i o n a l  f l e x i b i l i t y  and min ima l  
r edundancy  v i t h  a minimum number  o f  s p a r e  c o n s o l e s  
a n d / o r  modules .  

When c o n f i g u r e d  w i t h  any of  t h e  a v a i l a b l e  s e n o r  
o p t i o n s ,  t h e  IGS-2 Sys t em C o n t r o l  C o n s o l e  becomes a 
m e t h o d - s p e c i f i c  i n s t r u m e n t  a c c o r ' d i n g  t o  t h e  s e n o r  
o p t i o n ( s )  u t i l i z e d .  In a d d i t i o n .  t h e  IGS-2 C o n s o l e  
is an e l e c t r o n i c  no tebook  i n t o  v h i c h  g e o p h y s i c a l ,  
g e o l o g i c a l  .or o t h e r  d a t a  may b e  m a n u a l l y  e n t e r e d  and 
d i g i t a l l y  s t o r e d .  

Data  is s t o r e d  i n  t h e  IGS-1. in an  e x p a n d a b l e ,  s o l i d  
s t a t e  memory and c a n  b e  o u t p u t  i n  t h e  f i e l d  by 
c o n n e c t i n g  the  i n s t r u m e n t  t o  a p r i n t e r ,  tape 
r e c o r d e r ,  modem o r  mic rocompute r .  

The 32 characzer d i g i t a l  d i s p l a y  u s e s  full words in 
most cases, e n s u r i n g  c h a r  communica t ion .  Both 
p r e s e n t  an a p r e v i o u s  data  a r e  d i s p l a y e d  
s i m u l t a n e o u s l y ,  a l l o v i n g  c o m p a r i s o n s  t o  b e  made a t  a 
g l a n c e  d u r i n g  a s u r v e y .  

The IGS-2 r e c o r d s  h e a d e r  i n f o r m a t i o n ,  data va lues ,  
s t a t i o n  n u m b e r ,  l i n e  number,  g r i d  number and t h e  
t i m e  of e a c h  o b s e r v a t i o n  i n  its i n t e r n a l  memory. 
Data  a r e  f i r s t  s o r t e d  by  g r i d  number,  t h e n  i n  o r d e r  
Of i n c r e a s i n g  l i n e  number a n d ,  v i t h i n  eacfi l i n e .  by  
i n c r e a s i n g  s c a t i o n  number. In t h i s  vay.  t h e  d a t a  
a r e  o r g a n i z e d  l o g i c a l l y  regard less  of t h e  s e q u e n c e  
i n  v h i c h  t h e y  v e r e  t a k e n .  A n c i l l a r y  da ta  can a l s o  
b e  m a n u a l l y  e n t e r e d  and r e c o r d e d  a t  a g i v e n  s t a t i o n .  
a l o n g  v i t h  t h e  s u r v e y  parameters. 
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1.2 S t a n d a r d  C o n s o l e  S o e c i f i c a t i o n s  

D i g i t a l  D i s p l a y  32 c h a r a c t e r ,  2 l i n e  
LCD d i s p l a y  

a l l  commands, 
c o o r d i n a t e s ,  h e a d e r  
and  a n c i l l a r y  
i n f  o r m a t i o n  

Keyboard I n p u t  14 k e y s  f o r  e n t e r i n g  

Languages E n g l i s h . .  p l u s  F r e n c h  

S c a n d a r  d Memor p 16P RAM. More chan 

is s t a n d a r d  

s u f f i c i e n t  f o r  a 
d a y ' s  d a t a  i n  most 
a p p l i c a c i o n s  

Clock  Real time c l o c k  w i t h  
d a y ,  month ,  year ,  
h o u r ,  m i n u t e  and 
s e c o n d .  One second 
r e s o l u t i o n ,  2 1 
second  s t a b i l i t y  o v e r  
12 h o u r s .  Needs 
k e y b o a r d  i n i t l a l i r a -  
t i o n  o n l y  a f c e r  
b a t z e r y  r e p l a c e m e n t  

D i g i t a l  Data O u t p u t  RS-132C s e r i a i  ince r -  
f a c e  f o r  d i g i : a l  
p r i n t e r ,  modem. 
mic rocompute r  o r  
c a s s e t t e  t ape  
r e c o r d e r .  Data o u t -  
puts i n  7 b i t  A S C I I .  
no  p a r i t y  f o r m a t .  
Baud r a t e  i s  keyboard  
s e l e c t a b l e  a c  110, 
300, 600 and  1200 
baud. Car r iage  
r e t u r n  d e l a y  is 
key b o a r d  seleczable 
i n  i n c r e m e n t s  o f  one  
from 0 t h r o u g h  999 .  
Bandshak ing  is done 
t h r o u g h  X-ON/X-OFF 
p r o c o c o l .  

Allova IGS-2 t o  act  
as a master f o r  o t h e r  
i n s t r u m e n t a t i o n .  
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Analog O u t p u t  For  a s t r i p  caart 
r e c o r d e r .  0 t o  999 
nV f u l l  scale v i t h  
k e y b o a r d  selectable 
s e n s i t i v i t i e s  of  10, 
100 o r  1000 u n i t s  
f u l l  scale. 

C o n s o l e  Dimens ions  240 x 90 I 240 mm 
i n c l u d e s  mounted 
b a t t e r y  pack .  

C o n s o l e  v i t h  Non- 
r e c h a r g e a b l e  B a t t e r y  
Pack ;  3.2 kg. 
C o n s o l e  v i t h  
R e c h a r g e a b l e  B a t t e r y  
Pack:  3.6 kg. 

p r o v i d e d  o p t z o n a l  
D i s p l a y  Beater zs 
usea b e l o v  -2O'C. 

Pover  R e q u i r e m e n t s  Can b e  p o v e r e a  DP 

W e i g h t s  C o n s o l e ;  2.2 kg. 

O p e r a t i n g  T e m p e r a t u r e  Range -4'C t o  +50sC 

e x t e r n a l  12 V DC o r  
one of t h e  Ba t t e ry  
Pack O p t i o n s  l i s t e d  
b e l o v .  

- 111 - 



2-  IGS-?/HP MAGIYETOMETER 

e 

e 

0 

2.1 The M a s n e t i c  Method 

The m a g n e t i c  method c o n s i s t s  of measur ing  the 
m a g n e t i c  f i e l d  o f  t h e  ea r th  as i n f l u e n c e d  by r o c k  
f o r m a t i o n s  h a v i n g  d i f f  e r e n t  m a g n e t i c  p r o p e r t i e s  and  
c o n f i g u r a t i o n s .  The measured f i e l d  is t h e  v e c t o r  
sum of i n d u c e d  and  remanent m a g n e t i c  effects.  Thus,  
there  are t h r e e  f a c t o r s ,  e x c l u d i n g  g e o m e t r i c a l  
f a c t o r s ,  which  d e t e r m i n e  t h e  m a g n e t i c  f i e l d .  These 
are  t h e  s t r e n g t h  of t h e  e a r t h ' s  m a g n e t i c  f i e l d ,  the  
m a g n e t i c  s u s c e p t i b i l i t i e s  of t h e  rocks  present  and  
t h e i r  r emanen t  magnet i sm.  

The e a r t h ' s  m a g n e t i c  f i e l d  is s imi la r  in form t o  
t h a t  o f  a bar m a g n e t ' s .  The f l u x  l i n e s  o f  t h e  
g e o m a g n e t i c  f i e l d  a re  ve r t i ca l  a t  t h e  n o r t h  a n d  
s o u t h  m a g n e t i c  p o l e s  where t he  s t z e n g t h  is 
a p p r o x i m a t e l y  60,000 nT.  In the  e q u a t o r i a l  r e g i o n .  
t h e  f i e l d  is hor i :on ta l  and  i t s  s t z e n g t h  is 
a p p r o x i m a t e l y  30,000 nT.  

The p r i m a r y  g e o m a g n e t i c  f i e l d  i s ,  f o r  t h e  p u r j o s e s  
o f  normal  m i n e r a l  e x p l o r a t i o n  s u r v e y s ,  conscant  i n  
space and  time. M a g n e t l c  f i e l d  measuremencs map, 
however ,  v a r y  c o n s i d e r a h i y  due  t o  s h o r t  term 
e x t e r n a l  m a g n e t i c  i n i l u e n c t s .  The n a g n i t a d e  of 
c h e s e  v a r i a t i o n s  is unpredictable. I n  t h e  case of 
s u d d e n  magnecic  s t o r m s ,  i t  say r e a c h  s eve ra l  hundred  
gammas o v e r  a few minuces .  It may b e  n e c e s s a r y ,  
c h e r e f o r e ,  t o  take c o n c i n u o u s  r e a d i n g s  of t h e  
g e o m a g n e t i c  f i e l d  w i t h  3 base s t a t i o n  s a g n e t o m e t e r  

a l t e r n a t i v e  f i e l d  p r o c a d u r e  is t o  make p e r i o d i c  
r epea t  measurements  a t '  c o n v e n i e n t  t r a v e r s e  p o i n t s .  
a l t h o u g h  t h i s  is a v e r y  u n r e l i a b l e  s e t h o d  d u r i n g  
a c t i v e  magnet ic  s t o r m s  when i t  is i m p o r r a n t  eo h a v e  
p r o p e r  r e f e r e n c e  d a c a .  

The i n t e n s i t ?  o f  m a g n e t i z a t i o n  i n d u c e d  i n  :oc!cs by 
t h e  g e o m a g n e t i c  f i e l d  F is g i v e n  by: 

I = kF 

where  I is t h e  i n d u c e d  m a g n e t i z a t i o n  

w h i l e  t h e  m a g n e t i c  s u r v e y  is b e i n g  done. An 

k is t h e  volume m a g n e t i c  s u s c a p t i b i ~ i t y  
F is che  s t r e n g t h  o f  che geomagnecic  f i e l d  

F o r  most  m a c e r i a l s ,  k is ver:r  much l ess  t h a n  1. I f  
k 1s n e g a t i v e .  t h e  body is s a i d  t o  b e  d i amagnec ic .  
Examples a r e  q u a r t z ,  marble,  g r a p h i t e  and r o c k  s a l t .  
If k is a small p o s i t i v e  v a i u e .  t h e  body is s a i d  t o  
b e  p a r a m a g n e c i c ,  e x a m p l e s  of which a r e  g n e i s s  (k I 

- :v - 



2 .2  

0.002), p e g m a t i t e .  d o l o m i t e  and s y e n i t e .  I f  k is  a 
la rge  p o s i t i v e  v a l u e ,  t h e  body is s t r o n g l y  m a g n e t i c  
and  i t  is sa id  t o  be f e r r o m a g n e t i c ,  f o r  example ,  
m a g n e t i t e  (k I 0.3), i l m e n i t e  and  p y r r h o t i t e .  

The s u s c e p t i b i l i t i e s  of r o c k s  are  d e t e r m i n e d  
p r i m a r i l y  by t h e i r  m a g n e t i t e  c o n t e n t  s i n c e  t h i s  
mineral  i s  so s t r o n g l y  m a g n e t i c  a n d  so w i d e l y  
d i s t r i b u t e d  i n  t h e  v a r i o u s  rock t y p e s .  (Of 
c o n s i d e r a b l e  i m p o r t a n c e ,  as well, i s  t h e  p y r r h o t i t e  
c o n t e n t .  ) 

The r e m a n e n t  m a g n e t i z a t i o n  of r o c k s  d e p e n d s  b o t h  on 
t h e i r  c o m p o s i t i o n  a n d  t h e i r  p r e v i o u s  h i s t o r y .  
Whereas t h e  i n d u c e d  m a g n e t i z a t i o n  is n e a r l y  a l w a y s  
pa ra l l e l  t o  t h e  d i r e c t i o n  of t h e  g e o m a g n e t i c  f i e l d ,  
t h e  n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n  may  b e a r  DO 
r e l a t i o n  t o  t h e  p r e s e n t  d i r e c t i o n  a n d  i n t e n s i t y  o f  
t h e  e a r t h ' s  f i e l d .  The r e m a n e n t  m a g n e t i z a t i o n  is 
r e l a t e d  t o  t h e  d i r e c t i o n  o f  t h e  e a r t h ' s  f i e l d  a t  t h e  
time t h e  r o c k s  were l as t  m a g n e t i z e d .  Movement o f  
t h e  body t h r o u g h  f o l d i n g ,  e t c . ,  a n d  t h e  c h e m i c a l  
h i s t o r y  s i n c e  t h e  p r e v i o u s  m a g n e t i z a t i o n  a re  
a d d i t i o n a l  f a c t o r s  wh ich  a f f e c t  t h e  m a g n i t u d e  and  
d i r e c t i o n  o f  t h e  r e m a n e n t  m a g n e t i c  v e c t o r .  

Thus ,  t h e  r e s u l t a n t  m a g n e t i z a t i o n  M o f  a r o c k  i s  
g i v e n  by: 

M - M n  + kF  

where  M n  i s  t h e  n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n .  and  
F i s  a v e c t o r  wh ich  c a n  b e  c o m p l e t e l y  s p e c i f i e d  b y  
i t s  h o r i z o n t a l  ( H )  and verEica1 ( Z )  componen t s  a n d  
b y  t h e  d e c l i n a t i o n  (D) f r o m  t r u e  n o r t h .  S i m i l a r l y ,  

M is  s p e c i f i e d  when i t s  m a g n i t u d e  a n d  d i r e c z i o n  a re  
known. T h u s ,  c o n s i d e r a b l e  s i m p l i f i c a t i o n  r e s u l t s  i f  
M - 0. whereupon  M merely r e d u c e s  t o  kF. In t he  
e a r l y  d a y s  of m a g n e t i c  p r o s p e c t i n g .  i t  was u s u a l l y  
a s sumed  t h a t  t h e r e  was no r e m a n e n t  m a g n e t i z a t i o n .  
However ,  i t  h a s  now been  e s t a b l i a h e d  t h a t  b o t h  
i g n e o u s  a n d  s e d i m e n t a r y  r o c k s  p o s s e s s  remanent 
m a g n e t i z a t i o n ,  a n d  t h a t  t h e  phenomenon is a 
w i d e s p r e a d  one .  

M a n n e t o m e t e r  S o e c i f i c a t i o n s  

T o t a l  F i e l d  O p e r a t i n g  Range 20,000 t o  100,000 nT 

n 

n 

(I nT - 1 gamma) 

G r a d i e n t  T o l e r a n c e  F o r  - +SO00 nT/m 
T o t a l  F i e l d  
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T o t a l  F i e 1  
Accurac y 

.d Abso lu te  +1 nT a t  50.000 nT 
c2 nT o v e r  t o t a l  
f i e l d  o p e r a t i n g  and 
temperacure range. 

- - 
R e s o l u t i o n  0.1 nT 

Tuning F u l l y  s o l i d - s t a t e .  
Manual o r  a u t o m a t l c  
mode is keyboard 
s e l e c t a b l e .  

Beading T i m e  2 s e c o n d s .  Ear  
p o r t a b l e  r e a d i n g s  
t h i s  is the time 
taken from t h e  push 
of a b u t t o n  t o  t h e  
d i s p l a y  o f  t h e  
measured  va lue .  

Con t inuous  C y c l e  T i m e s  Keyboard s e l e c t a b l e  
in 1 second  incre- 
ments  u p w a r d s  from 
2 s e c o n d s  t o  999 
s e c o n d s .  
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3 .  IGS/VLF-& ELXCTROMAGXETIC RECEIVER 
I 

3.1 VLF T h e o r v  

VLF s t a t i o n s  ( t o t a l  of  12 s t a t i o n s  l o c a t e d  a r o u n d  
t h e  u o r l d )  r a d i a t e  e l e c t r o m a g n e t i c  u a v e s  on the V U  
band in the  r a n g e  b e t u e e n  15 t o  29 kffz. The s i g n a l s  
are  t r a n s m i t t e d  f o r  p u r p o s e s  o f  n a v i g a t i o n  and 
o m r u n i c a t i o n  u i t h  s u b m a r i n e s .  The VLF 
E l e c t r o m a g n e t i c  R e c e i v e r  p i c k s  up the m a g n e t i c  and 
e lectr ic  f i e l d s  of these s i g n a l s  t o  p r o v i d e  
i n f o r m a t i o n  a b o u t  t h e  e l ec t r i ca l  p r o p e r t i e s  of the  
ear th .  

The s i g n a l  t r a n s m i t t e d  by t h e  VLF s t a t i o n  is 
r e c o r d e d  by t h e  v e r t i c a l  c o i l s  as: 

E - A s i n w ;  

u h e r e  E = p r i m a r y  s i g n a l  

a 

= B COS (U - 0 )  (1.0) 
ES P 

P 
A = a m p l i t u d e  o f  p r i m a r y  s i g n a l  

E = s e c o n d a r y  ( p h a s e  l a g e d )  s i g n a l  

B = a m p l i t u d e  o f  s e c o n d a r ?  s i g n a l  
S 

a u = f r e q u e n c y  

t = t i m e  

LT = ?base l a g  

T h e s e  t u 0  r e c e i v e d  s i g n a l s  c o m b i n e  g i v i n g  an e l l i p s e  
( s e e  fig. A ) ,  v h i c h  t u a  a x i s  c o r r e s p o n d  t o  t h e  
l e n g t h  a n d  v i d t h  o f  t h e  e l l i p s e .  

i .e .  H ' gs? 2 H~ H~ s i n  0 

h2 a- AB 
2 0 

t,- = c o s  a - 

Verticol 

a 
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By m e a s u r i n g  the  a n g l e  f r o m  t h e  h o r i z o n t a l  t o  the  
l o n g a x i s  of t h e  e l l i p s e  ( e ) ,  a c o n d u c t o r  i s  l o c a t e d  
when t h i s  t i l t  a n g l e  is z e r o .  

As i t s  p r i m a r y  m e a s u r e m e n t ,  t h e  ICS-:/VLF-& employs  
two m u t u a l l y  o r t h o g o n a l  r e c e i v e  c o i l s  t o  d e t e r m i n e  
t h r e e  parameters of t h e  VLF m a g n e t i c  f i e l d .  T h e s e  
are: 1) the h o r i z o n t a l  a m p l i t u d e  v e c t o r  i n  a 
d i r e c t i o n  p e r p e n d i c u l a r  t o  a l i n e  j o i n i n g  the 
o p e r a t o r  t o  t h e  s t a t i o n ;  2 )  t h e  a m p l i t u d e  o f  t h e  
component  o f  t h e  v e r t i c a l  f i e l d  v e c t o r  which  is i n  
p h a s e  w i t h  t h e  h o r i z o n t a l  v e c t o r ;  and  3 )  t h e  
a m p l i t u d e  o f  t h e  component  o f  t h e  v e r z i c a l  f i e l d  
v e c t o r  w h i c h  is 90a o u t  of p h a s e  w i t h  the  h o r i z o n t a l  
v e c t o r .  T h e s e  th ree  parameters, f o r  t h e  g i v e n  VLF 
t r a n s m i t t e r ,  a re  r e c o r d e d  s i m u l t a n e o u s l y .  S i n c e  the  
v e r t i c a l  c o m p o n e n t s  a r e  e x p r e s s e d  as  a p e r c e n t a g e  o f  
t h e  h o r i z o n t a l  v e c t o r ,  t h e y  a r e  a u t o m a t i c a l l y  
n o r m a l i z e d  f o r  a n y  c h a n g e s  i n  t h e  a m p l i t u d e  o f  the  
t r a n s m i t t e d  p r i m a r y  f i e l d  . 
The p r i m a r y  f i e l d  f r o m  a VLF s t a t i o n  c a n .  i n  f a c t ,  
v a r y  c o n s i d e r a b l y .  F o r  t h e  mos t  p a r t ,  t h e  f i e l d  
f l u c t u a t e s  m o d e r a t e l y  d u r i n g  t h e  c o u r s e  of :he d a y  
due  t o  c h a n g e s  i n  a t m o s p h e r i c  c o n d i t i o n s .  T h e r e  
a r e ,  h o w e v e r ,  more d r a m a t i c  c h a n g e s .  Towards  
e v e n i n g  t h e r e  is a large upwards  s u i n g  i n  t h e  f i e l d  
s t r e n g t h ,  a n a  a t  s eve ra l  p o i n t s  d u r i n g  t h e  d a y ,  b o t h  
o a r t i a l  a n a  t o t a l  d r o p s  i n  t h e  f i e l d  a m p l i z u d e  can 
be o b s e r v e d .  In t h e  i i g n t  o f  t h e s e  i r r e g u l a r i t i e s ,  
t h e  horizontal f i e l d  d a t a  s h o u l d  aiwaps b e  
c o n s i d e r e d  w i t h  r e s e r v a t L o n  a s  i t  i s  d i f f i c u l t  t o  
know w h e t h e r  c h a n g e s  a r e  c a u s e d  b y  c o n d u c z o r s  o r  by 
v a r i a t i o n s  i n  t h e  s t a t i o n ' s  s i g n a l .  

I f  t he  p r i m a r y  f i e l d  s t r e n g t h  is c o n s t a n t ,  c h a n g e s  
i n  t he  a m p l i t u d e  o f  t h e  h o r i z o n t a l  m a g n e t i c  f i e l d  
m a i n l y  r e f l e c t  v a r i a t i o n s  i n  t h e  c o n d u c t i v i t y  o f  the  
e a r t h .  N o r m a l l y ,  t h e r e  w i l l  b e  no ver t i ca l  m a g n e r i c  
f i e l d .  However. n e a r  a c o n d u c t o r ,  a v e r t i c a l  f i e l d  
w i l l  b e  o b s e r v e d .  The r e l a t i v e  a m p l i t u d e s  of t h e  
i n - p h a s e  and  q u a d r a t u r e  c o m p o n e n t s  may b e  u sed  t o  
i n t e r p r e t  t h e  c o n d u c t i v i t y - s i z e  cha rac t e r i s t i c s  of 
t h e  c o n d u c t o r .  

3.2 IGS/VLF-& S o e c i f i c a t i o n s  

F r e q u e n c y  T u n i n g  A u t o m a t i c  d i g i t a l  t u n i n g .  
Can b e  t u n e d  t o  any  
f r e q u e n c y  i n  t h e  r a n g e  
15.0 t o  29.0 kBz w i t h  a 
b a n d v i d t h  of 150 kHz. 
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Up to three f r e q u e n c i e s  
c a n  b e  c h o s e n  by key- 
b o a r d  e n t r y  f o r  s e q u e n t i a l  
m e a s u r e m e n t s .  

F i e l d  S t r e n g t h  Range F i e l d s  as low as  100 m A l m  
c a n  b e  r e c e i v e d .  In 
pract ice ,  b a c k g r o u n d  n o i s e  
m a y  r e q u i r e  f i e l d s  up to 
5-10 t i m e s  t h i s  l e v e l .  
Maximum r e c e i v e d  f i e l d  is 
2 m A / m e t r e .  These v a l u e s  
a r e  s p e c i f i e d  f o r  20 LHz. 
F o r  any  o t h e r  f r e q u e n c y ,  
c a l c u l a t e  the  a b o v e  l i m i t s  
by m u l t i p l y i n g  by t h e  
station f r e q u e n c y  i n  LHz 
a n d  d i v i d i n g  by 20. 

S i g n a l  F i l t e r i n g  Narrow b a n d p a s s .  low pass 
and  s h a r p  c u t - o f f  h i g h  
pass f i l t e r s .  

M e a s u r i n g  Time 0 . 3  s e c o n d s  sampie 
i n t e r v a l .  As many a s  216 
samples c3n b e  s t a c k e d  t o  
i m p r o v e  m e  as u r  emen c 
ac-xracy. 

VLF-Magnetic F i e l d  I )  H o r i = o n t a l  a m p l i t x d e ,  
Components X e a s u r e d  2; v e r c i c a l  i n - p h a s e  

component .  a n d  3 )  verc ica l  
q u a d r ~ c a r e  c o m p o n e n t s .  
V e r t i c ~ l  c o m p o n e n t s  a r e  
d i s p l a y e d  as a p e r c e n c a g e  
of h o r i z o n t a l  component  
a n d  a r e  r e l a t e d  i n  p h a s e  
t o  t h e  h o r i z o n t a l  
component .  T h e i r  r a n g e  
is 2120%; r e a d i n g  
r e s o l u c i o n  1Z. 

VLF-Magnet i c  F i e  I d  Two a i r - c o r e d  c o i l s  i n  a 
S e n s o r  backpack  moun ted  h o u s i n g  

wich a n  e l e c t r o n i c  l e v e l  
f o r  a u t o m a t i c  tilt 
c o m p e n s a t i o n .  The error 
in t h e  v e r t i c a l  i n - p h a s e  
component  is less  t h a n  
1: f o r  t i l t s  up t o  215" .  
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3.3 Fraser F i l t e r i n q  

e 

e 

T h i s  t e c h n i q u e  f o r  f i l t e r i n g  VLE-EM d a t a  was 
p r o p o s e d  by Dr. D.  C. F r a s e r  i n  1969. The r e a s o n  
f o r  a p p l y i n g  t h i s  f i l t e r  is  t h a t  t he re  is  a dynamic  
r a n g e  p r o b l e m  when p r e s e n t i n g  t h e  data  a s  p r o f i l e s .  
In t h e  same area t h a t  a 5 '  peak  t o  peak anomaly  may 
b e  s i g n i f i c a n t ,  a n o m a l i e s  o f  100° may a l s o  occur. 
T h i s  f i l t e r i n g  o p e r a t i o n  t r a n s f o r m s  the  z e r o  c r o s s -  
o v e r s  i n t o  peaks a n d  n o i s e  is r e d u c e d  by a p p l i c a t i o n  
o f  a Lou-pass f i l t e r .  The d a t a  may b e  presented as 
p r o f i l e s  o r  t h e  p o s i t i v e  v a l u e s  may b e  c o n t o u r e d .  

This f i l t e r  was o r i g i n a l l y  a p p l i e d  t o  d i p  a n g l e  d a t a  
a s  c o l l e c t e d  by VU r e c e i v e r s  such  as t h e  Badem by 
C r o n e  G e o p h y s i c s .  I t  is e q u a l l y  a p p l i c a b l e  t o  
ve r t i ca l  i n - p h a s e  a n d  q u a d r a t u r e  d a t a .  

The f i l t e r  p h a s e - s h i f t s  t h e  d a t a  by 90" so t h a t  z e r o  
c r o s s  o v e r s  a n d  i n f l e c t i o n s  a re  t r a n s f o r m e d  i n t o  
p e a k s .  It removes d c  and  a t t e n u a t e s  l o n g  spa t ia l  
w a v e l e n g t h s  t o  increase r e s o l u t i o n  o f  loca l  
a n o m a l i e s .  

T h e s e  r e q u i r e m e n t s  a r e  met by t h e  d i f f e r e n c e  
o p e r a t o r  (R(nc1)-R(n)), where  R(n) a n d  3(n+l) are  
any  two c o n s e c u t i v e  r e a d i n g s .  

The f i l t e r  d o e s  n o t  e r a s g e r a r e  t h e  random n o i s e .  
T h i s  is a c h i e v e d  b y  a p p l y z n g  a l ow-pass  o p e r a t o r  t o  
the  d i f f e r e n c e s  a s  f o l l o w s :  

O . Z S ( R ( n + l ) - ~ ( n ) + 0 . 5 O ( R ( n + ' ) - a ( n + 1 ) + 0 . 1 5 ( ~ ( n ~ 3 ) -  
r ( n c 2 ) ) .  

The f i l t e r e d  o u t p u c  is t h e n  0.15(R(n+Z)+R(n+3)-2(n)- 
R(n+l) ) . 
As t h i s  f i l t e r i n g  p r o c e s s  was o r i g i n a l l y  d e s i g n e d  t o  
b e  s i m p l e  so i t  c o u l d  b e  a p p l i e d  by f i e l d  p e r s o n n e l  
w i t h  L i m i t e d  f a c i l i t i e s .  t h e  c o n s t a n t  is e l i m i n a t e d .  

The p l o t t e d  f u n c t i o n  t h e n  becomes  
F(n+l.n+2)-(R(n+2)+R(n+3)-(R(n)+R(n+l)). 

The i n t e r p r e t a t i o n  of f i l t e r  p l o t s  is q u a l i t a t i v e .  
S i n c e  t h e  f i l t e r  r e t a i n s  r e l a t i v e  a m p l i t u d e s ,  l a r g e  
r e s p o n s e s  can b e  e q u a t e d  w i t h  l a r g e  a n d / o r  h i g h l y  
c o n d u c t i v e  z o n e s .  Very  s h a r p  r e s p o n s e s  i n d i c a t e  
s h a l l o w  s o u r c e s ,  a n d .  c o n v e r s e l y .  b r o a d e r  a n o m a l i e s  
i n d i c a t e  p r o g r e s s i v e l y  deeper s o u r c e s .  The 
c o n t o u r i n g  connec:s r e s p o n s e s  f r o m  l i n e  t o  l i n e  and 
s e r v e s  t o  d e l i n e a c e  t h e  t r e n d  of  c o n d u c t i v e  zones.  
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f - V L F  s t a t i o n  frequency i n  Eerto - permeability o f  the  ground in Henries/metro, 
a conatant Po 

The r e a i a t i v i t y  ca lcu la t ion  haa a range o f  L to 
100,000 o h  metrea v i th  a reso lu t ion  o f  I o h  ~ t r ~ .  

Phaae Angle CaledatLont 

The phase angle 

.. 

is expressed aa: 

where: 

E,(Q) = horizontal quadrainre VLF electric f i e l d  

E (I) = horizontal in-phaae VLF electric f i e l d ,  
phase referenced t o  the horizontal  
mgnet l c  f i e l d ,  By. 

I 

The phase angle ca lcu la t ion  ha8 a rang* of -180: t o  
+180a with a reso lu t ion  of I*. By d e f i n i t i o n .  the 
angle is pos i t ive  when the electrical f i e l d  l e a d s  
the magnetic f i e l d .  
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